Manifestations of delayed hypersensitivity (cell-mediated immunity) were found to be present in mice immunized with virulent Salmonella typhimurium SR-11 subfractions which contained appreciable concentrations of bacterial protein and in mice immunized with the living, attenuated RIA strain of S. typhimurium. Delayed hypersensitive responses were measured by footpad sensitivity in the immunized mice and in vitro by inhibition of spleen cell migration and by increase in 3H-thymidine uptake by lymphoid cell populations when exposed to bacterial fractions rich in protein content.
Protective host resistance to facultative intracellular parasites such as salmonellae has been shown by Collins and Mackaness (3) to involve concomitant development of delayed hypersensitive phenomena. Patterson and Youmans (14) demonstrated that immune lymphocytes play an integral role in immune resistance to tuberculous infections in mice. More recently, McGregor et al. (10) have shown that small lymphocytes collected by thoracic duct drainage from rats immune to listeriosis are able to transfer protection to normal rats upon subsequent infection, and North (13) has further characterized these shortlived lymphocytes as being cortisone-sensitive in the mouse infected with Listeria monocytogenes.
Neither Venneman and Berry nor we were able to transfer protective immunity against lethal salmonellosis to mice with immune sera or cytophilic macroglobulin (12) from mice immunized with either ribonucleic acid (RNA)-rich (12, (16) (17) (18) or protein-rich (12, 16) subfractions of virulent Salmonella typhimurium SR-11 but did so with lymphoid cell populations from immune mice (16) (17) (18) . The objective of this study was to determine whether manifestations of delayed hypersensitivity were present in mice immunized with the RNA-rich and protein-rich subfractions of S. typhimurium SR-11 which do stimulate protective resistance against lethal salmonellosis in mice. For an in vivo evaluation of delayed hypersensitivity, the footpad test (3) was used. Two of the in vitro assays of delayed hypersensitivity (cell-mediated immunity) were utilized in the examination of mouse lymphoid cell populations; namely, macrophage-migration inhibition and increased blastogenesis, as measured by increased uptake of 3H-thymidine in the presence of antigen (1) . These responses were also measured in normal, unimmunized mice and in mice vaccinated against lethal salmonellosis with S. typhimurium RIA.
MATERIALS AND METHODS
Immunogens and immunizations. ICR female mice were immunized, as described by Smith and Bigley, with RNA subfractions (E-RNA and P-RNA) and a protein-rich fraction (NP) from virulent S. typhimurium SR-1I and were injected with 105 to 106 cells of the attenuated S. typhimurium RIA (16 (7) . RESULTS Footpad responses. The data shown in Fig. 1 are graphic representations of the average increase in footpad swelling at 24 hr in mice immunized with the RNA-rich subfractions (E-RNA and P-RNA) from S. typhimurium SR-1I and with the RIA vaccine strain of S. typhimurium. These mice were tested at weekly intervals for 6 weeks. Each point on the graph represents the pooled data from three separate experiments in which a total of 25 mice were footpad tested only once throughout the 6 weeks. All values for the graphs were adjusted for nonspecific swelling due to the injection of buffer and corrected for the slight swelling caused in normal mice by the E-RNA or P-RNA fractions alone. Only one of four E-RNA preparations elicited Arthus-type reactions evident by 4 hr after injection in mice immunized with E-RNA fraction. It was the only preparation which elicited a notable degree of nonspecific swelling in normal mice. These data are not included in the graphs. Maximal increase in footpad thickness occurred 2 to 3 weeks after immunization of the mice with either E-RNA or P-RNA fractions. At this time, the maximal swelling was seen 24 hr after antigen injection into the footpads as shown here, whereas at 48 and 72 hr after injection of the footpads the swelling was decreased. The values on the graphs for the 2-and 3-week periods after immunization, for mice immunized with P-RNA or E-RNA fractions, were found by using the Student t distribution to be significantly greater than the corresponding buffer control groups at the 5%7, level of significance. Mice immunized with the RIA vaccine elicited maximal footpad swelling of the delayed-type sensitivity 24 to 48 hr after footpad testing with the E-RNA fraction at 4 and 7 days after immunization. By 2 weeks after immunization, the RIA-vaccinated mice exhibited marked Arthus reactions 2 to 4 hr after injection of the footpads with the E-RNA fraction. Therefore, it was not possible to evaluate accurately the footpad response to E-RNA fraction after 7 days. The E-RNA fractions were used to evaluate footpad sensitivity in the RIA-vaccinated mice since the tion. Spleen cells from mice immunized with either the E-RNA fraction or the RIA vaccine are significantly inhibited from migrating while in the presence of E-RNA fraction as compared to the same cell populations in the absence of E-RNA fraction. In the RIA immunized mice, inhibition of cell migration was detected as early as 4 days but was maximal 3 weeks after immunization when tested with E-RNA fraction as test antigen. These results are shown pictorially in Fig. 3 .
The protein-rich NP fraction isolated from E-RNA preparations of S. typhimuriwn SR-il was evaluated for its capacity to stimulate cellmediated immunity as assayed by inhibition of migration of spleen cells. Shown in Table 2 are the results of an experiment in which mice were injected as described previously (16) with 105 cells of S. typhimuriwn RIA and with the RNA-rich fractions as well as the NP fraction in the presence and absence of either poly AU or the P-RNA fraction. Note that spleen cells from unimmunized mice or from mice injected with P-RNA or poly AU were not inhibited from migrating in the presence of E-RNA fraction. However, the cells from the mice injected with the RIA vaccine strain of S. typhimurium were markedly inhibited from migrating on glass in the presence of E-RNA fraction (mean migration of 29.6%). At this time, the spleen cells from mice immunized with NP alone or NP fraction mixed with either poly AU or P-RNA also exhibited marked inhibition of migration in the presence of E-RNA fraction and to a similar extent (38.3-40.1 %). These chambers are shown in Fig. 4 . The spleen cells from mice immunized with the E-RNA fraction exhibited a 50% inhibition of migration in the presence of E-RNA fraction in this experiment. 
DISCUSSION
Mice were examined for manifestations of cellmediated immunity after immunization with subfractions prepared from lysates of virulent S. typhimurium and attenuated S. typhimurium RIA which had imparted varying degrees of resistance to the lethal effects of challenge infection (16) . Similar to the observations of Collins and Mackaness (3), the mice receiving the attenuated strain (RIA) ofS. typhimurium, which consistently induced effective resistance to infection by virulent salmonellae (16) , exhibited positive footpad responses to the E-RNA fraction as early as 4 days. Even though the RIA immune mice could not be accurately assayed for delayed sensitivity by footpad testing after 7 to 10 days because of the Arthus-type swelling to the E-RNA fraction, inhibition of migration of spleen cells from these animals, at various times after vaccination, indicated that cell-mediated immunity was present. In these animals, inhibition of spleen cell migration It is of interest to note that by 3 weeks after immunization the most efficient subcellular immunogen inducing host resistance, the crude E-RNA fraction from S. typhimuriumn SR-11, was also that substance which induced all three manifestations of delayed hypersensitivity used in this study. Mice immunized with E-RNA fractions exhibited a significant increase in footpad thickness, increased 3H-thymidine uptake by lymph node cells, and inhibition of macrophage migration by spleen cells with the E-RNA fraction as test antigen. The only manifestation of cell-mediated immunity shown by mice immunized with the purest RNA-rich fraction (P-RNA) was a positive footpad response against homologous antigen (P-RNA) by 2 to 3 weeks.
Other investigators have observed that delayedtype hypersensitive skin reactivity and elaboration of macrophage migration inhibition factor (MIF) are related, whereas no such correlation necessarily exists for the blastogenic factors (2, 9 
